Lagopsis supina is a well-known traditional Chinese medicine and used as an agent for diuresis in China for centuries. is is the first time to evaluate the diuretic activity of the ethanol extract of L. supina (LS) and its four fractions (LSA, LSB, LSC, and LSD) in normal rats. After the administration of LS-H, LS-M, LSB-H, and LSC-L, the urine output of the rats was significantly increased, while the urine excretion was significantly reduced after treatment with LSB-L. e urine Na + excretion was remarkably increased with LS-H, LS-M, LSA-H, LSA-L, LSB-H, LSC-L, and LSD-L, and the urine K + excretion was significantly increased after administration of LS-H and LSB-H. Moreover, the urine Na + and K + excretion was significantly reduced after treatment with LSC-H and LSD-H. However, the urine pH values and urine and serum Na + -K + -ATPase levels did not show remarkable change after administration of LS or its four fractions in comparison with the control group. On the contrary, LS and its four fractions can suppress the renin-angiotensin-aldosterone system (RAAS), including ADH arrest by LSB-H, LSB-L, LSC-L, LSD-L, and LSD-H and ALD arrest by LSD-L, as well as promote ANP release by LS-M, LSB-H, LSC-H, and LSD-H, while furosemide can suppress only arrest of ADH within 24 h compared with the control group. In addition, LS and its four fractions did not change the urine and serum TNF-α and IL-6 levels in normal rats within 24 h. is study will provide a quantitative basis for explaining the natural medicinal use of LS as a diuretic agent for edema and promoting the diuretic process.
Introduction
Natural medicine is considered a quite important resource for drug discovery and has increasingly attracted the attention of researchers [1] [2] [3] [4] . In Chinese folk medicine, several traditional Chinese medicines (TCMs) are used as diuretic drugs, but most of them lack pharmacological studies to explain their material basis and its mechanisms [5] . Among them, Lagopsis supina (Steph) Ik.-Gal. is a perennial herbaceous plant species of Labiatae family and was widely used as a TCM and known as Xiazhicao (Chinese: 夏至草) [6, 7] . However, due to the indeterminate pharmacological activities and chemical components, L. supina still faced big challenges in clinical applications.
Many pharmacological experiments have demonstrated that the crude extract and/or fractions of L. supina have promoting blood circulation and removing blood stasis (PBCRBS) [8] [9] [10] , myocardioprotective [11] , and antioxidative [12] effects. Although the pharmacological research of L. supina was more, the diuretic activity of LS in normal rats has not yet been studied so far. Furthermore, we found that the ethanol extract of L. supina showed a significant diuretic activity in a rat model of traumatic blood stasis (TBS) [13] . However, it is still unclear whether L. supina's diuretic activity is caused by PBCRBS constituents and/or diuretic constituents in the TBS rat model. erefore, there is an urgent need to figure out the material basis and mechanism of diuretic activity of the ethanol extract and its fractions of L. supina in normal rats. e purpose of the present study was to evaluate the diuretic and antidiuretic activities of the ethanol extract (LS) and its four fractions (LSA, LSB, LSC, and LSD) of L. supina in normal rats within 24 h. For the efficacy evaluation, the urine output volume, urinary electrolyte concentrations (Na + and K + ), and pH values were measured at different time points (1, 2, 4, 6 , and 24 h) after administration, and the Na + -K + -ATPase, angiotensin II (Ang II), atriopeptin (ANP), antidiuretic hormone (ADH), aldosterone (ALD), and TNFα and IL-6 levels in urine and serum were detected within 24 h after administration.
Materials and Methods

Plant Material and Drug Preparation.
e plant material (38.0 kg) and its crude ethanol extract (LS, 8.7 kg, 22.9%) of L. supina were reported in our previous paper, where we followed the methods of He et al. [13] . In brief, the whole plants of L. supina were collected in Keerqin District, Tongliao City, Inner Mongolia, China, in June 2016 having been identified by Prof. Guoyue Zhong (Jiangxi University of Traditional Chinese Medicine). A voucher specimen (no. XZC201606) was deposited at the Research Center of Natural Resources of Chinese Medicinal Materials and Ethnic Medicine, Jiangxi University of Traditional Chinese Medicine, Nanchang, China. en, the air-dried and powdered whole plants (38 kg) were exhaustively extracted using 95% EtOH (300 L × 3) and subsequently 50% EtOH (300 L × 3) by maceration at room temperature for seven days. After filtration, combination, and solvent evaporation, the crude ethanol extract of L. supina (LS, 8.7 kg, 22.90%) was obtained. en, LS was suspended in water and extracted with hexane, to afford the hexane portion (LSA, 1320 g) and water portion, respectively. e water portion was chromatographed on a D101 macroporous resin column and eluted with 0%, 30%, 60%, and 95% aqueous EtOH to yield four fractions: 0% (LSB, 6148 g, 16.18%), 30% (LSC, 669 g, 1.76%), 60% (LSD, 260 g, 0.68%), and 95% (LSE, 145 g). e LSA and LSE fractions were combined by highperformance liquid chromatography (HPLC) and thin layer chromatography (TLC) analysis and assigned to LSA (1465 g, 3.86%). e crude ethanol extract and four fractions were resuspended in 0.3% sodium carboxymethyl cellulose (CMC-Na) for subsequent intragastric administration and kept at − 20°C until use.
According to clinical practice of TCM [6] , the dosage of L. supina for rats is 1∼3 g/kg/day, which was reported in our previous paper [13] . In this experiment, the yield of LS was 22.90%, making the dosage of the LS crude extract about 229.0 mg/kg/day.
Chemicals and Reagents.
Enzyme-linked immunosorbent assay (ELISA) kits for Na + -K + -ATPase, Ang II, ANP, ADH, ALD, TNF-α, and IL-6 were purchased from Nanjing SenBeiJia Biological Technology Co., Ltd. (Nanjing, China). e levels of urinary Na + and K + were quantified by an automatic biochemical analyzer (OLYMPUS 5421, Olympus Corporation, Japan). All of the other chemicals used in this study were of analytical reagent grade.
Reference Drug. Furosemide (Jiangsu Yabang Aipusen
Pharmaceutical Corporation, Jiangsu, China) was used as a reference drug, which was a high-ceiling loop diuretic in clinical practice, and dissolved in water prior to administration.
Animal Treatment and Sample Collection. Male Sprague-
Dawley rats weighing 180-220 g were purchased from Hunan SJA Laboratory Animals Co., Ltd. (Changsha, China). All rats were housed in a temperature-controlled room ((23 ± 2)°C) with 12 h light and dark cycles and were allowed free access to food and water ad libitum. All animal procedures were approved by the Institutional Animal Care and Use Committee of Jiangxi University of Traditional Chinese Medicine. e diuretic activity was determined according to the method published previously [14, 15] . All rats were randomly assigned into 13 groups (n � 8 per group): (13) LSD-H group: 13.6 mg/kg BW of LSD. And each group was given the corresponding drug, and the control group received an equivalent amount of water with 0.3% CMC-Na. Each rat was housed individually in a metabolic cage, and the cumulative urine output was measured at 1, 2, 4, 6, and 24 h after administration. Urinary electrolyte concentrations (Na + and K + ) and pH values were determined in the 24 h urine samples of all rats. e blood samples were collected from the abdominal aorta of rats and subsequently subjected to centrifugation (3000 rpm at 4°C for 10 min). e urine and serum were stored at − 20 and − 80°C for further analysis, respectively.
Biochemical Methods.
Levels of Na + -K + -ATPase, Ang II, ANP, ADH, ALD, TNF-α, and IL-6 in urine and serum were determined using commercial ELISA kits (Nanjing SenBeiJia Biological Technology Co., Ltd., Nanjing, China), which were performed as per the manufacturer's instructions.
Statistical Analysis.
Data were analyzed using SPSS Statistics V17.0 software and presented as mean ± standard deviation (SD). e differences between the groups were assessed by a one-way analysis of variance (ANOVA) and
Tukey's test. Differences with P < 0.05 indicated statistical significance.
Results
Effects on Urinary Excretion Volume.
To determine whether the ethanol extract and its four fractions (LSA, LSB, LSC, and LSD) of LS have the diuretic effects, we measured the urinary excretion volume in every group at different time points (1, 2, 4, 6, and 24 h) after treatment with LS and its four fractions or furosemide. e urine output volume increased significantly (P < 0.05 or P < 0.01) for LSA-L (19.3 mg/kg), LS-L (114.5 mg/kg), and LS-M (229.0 mg/kg) within 1, 2, and 4 h, respectively, while LSD-H (13.6 mg/kg) produced a remarkable reduction in the urinary excretion volume within 4 h after administration compared with the control group (P < 0.05, Table 1 ). In addition, urinary excretion volume in LS-H (458.0 mg/kg), LS-M (229.0 mg/kg), LSB-H (322.6 mg/kg), and LSC-L (8.8 mg/kg) groups significantly increased within 24 h after administration (P < 0.05 or P < 0.01), while LSB-L (80.9 mg/kg) produced a remarkable reduction in the urinary excretion volume within 24 h after administration (P < 0.01, Table 1 ). Actually, LSA-H (77.2 mg/kg), LSC-H (35.2 mg/kg), LSD-H (13.6 mg/ kg), and LSD-L (3.4 mg/kg) also contributed to urine output volume, and the increase did not reach statistical significance within 24 h after administration.
Compared with that in the control group, the urine output volume in the furosemide group significantly increased within 1, 2, 4, 6, and 24 h after administration (P < 0.01, Table 1 ). Moreover, the urine output volume in the furosemide group was significantly increased compared with that in other groups within 1, 2, 4, and 6 h after administration (P < 0.01, Table 1 ); however, the cumulative urine output volume in the furosemide group and LSB-H group within 24 h showed no significant difference (Table 1) . Table 2 , LS and its four fractions did not change the urine pH in normal rats within 24 h in comparison with the control group. e results indicated that LS and its four fractions might play major roles in acid-basic balances in normal rats within 24 h.
Effects on Urinary pH. As shown in
Effects on Urinary Electrolyte Concentrations.
We also examined urine Na + and K + concentrations in every group at different time points (1, 2, 4, 6, and 24 h) after treatment with LS and its four fractions or furosemide (Tables 3 and 4 ).
Compared with that in the normal group, the urine Na + concentration in the furosemide treatment group was significantly reduced within 4 h, while the Na + concentration was significantly increased within 24 h (P < 0.05 or P < 0.01, Table 3 ). In contrast, the urine K + concentration was remarkably increased in the furosemide group within 6 h, while the K + concentration was dramatically reduced within 24 h (P < 0.05 or P < 0.01, Table 4 ).
After the oral administration of LS and its four fractions within 24 h, a great variation was also observed in urinary electrolyte Na + Table 3 ). Furthermore, the levels of K + concentrations were remarkably reduced after treatment with oral administration of LSC-H (35.2 mg/kg) and LSD-H (13.6 mg/ kg), while LS-H (458.0 mg/kg) and LSB-H (323.6 mg/kg) significantly increased the urinary electrolyte K + concentrations within 24 h (P < 0.05 or P < 0.01, Table 4 ).
Effects on Urine and Serum Levels of Na + -K + -ATPase.
Since conventional diuretics can induce electrolyte changes in urine and serum, we examined the levels of Na + -K + -ATPase in urine and serum of normal rats and drug-treated rats. However, administration of LS and its four fractions did not significantly change the urine and serum Na + -K + -ATPase levels in normal rats within 24 h in comparison with the control group (Table 5) . Interestingly, the four fractions of LS remarkably reduced ADH and ALD levels and significantly increased ANP levels in urine and/or serum compared with control group rats within 24 h (P < 0.05 or P < 0.01, Tables 6 and 7) . Treatment with LSB tended to increase ANP levels and to reduce ADH levels in urine compared with control group rats within 24 h (P < 0.01). Moreover, the levels of ADH reduced and those of ANP increased in urine and/or serum significantly after treatment with LSC compared with control group rats within 24 h (P < 0.05 or P < 0.01). In addition, we also found that the levels of ADH and ALD were reduced and ANP levels were increased in urine and/or serum significantly after treatment with LSD compared with control group rats within 24 h (P < 0.05 or P < 0.01). e result indicates that LS and its four fractions can promote ANP release and suppress the RAAS, including the arrest of ADH and ALD, while furosemide can suppress only arrest of ADH. us, as a diuretic, LS and its fractions are superior to furosemide based on multiple components, multiple channels, and multiple targets to treat diuretic diseases.
Effects on Urine and Serum Levels of
Effects on Urine and Serum Levels of TNF-α and IL-6.
Inflammation is a complex biological response of the innate immune system and produces a number of proinflammatory mediators, such as TNF-α, IL-6, and others. e levels of TNF-α and IL-6 in urine and serum were measured to assess the effect of LS and its four fractions on inflammation by respective ELISA kits. As shown in Table 8 , the ELISA results revealed that administration of LS and its four fractions did not affect the urine and serum TNF-α and IL-6 levels in normal rats within 24 h in comparison with the control group.
Discussion
e urinary excretion volume was mainly determined by the urine concentrating ability, including urine and its electrolyte reabsorption [13, 16] . In this study, we explored the to furosemide within 24 h. Surprisingly, we determined that LSB has a dual effect on renal function, including promoting diuretic activity at a higher dose (323.6 mg/kg) and inhibiting diuretic activity at a lower dose (80.9 mg/kg), which is similar to other diuretics in TCM [14, 15] . On the contrary, our results demonstrate a preliminary linear relationship between the LS and LSB doses and the diuretic biological response. Further research is underway to elucidate the dose-diuretic activity relationship of LS and its four fractions in normal rats. ese results indicated that LS, LSB, and LSC present a notable diuretic effect, and the LSB dose should be given more attention in clinical applications. Na + and K + were the major electrolytes located in the intracellular and extracellular fluids and play a regulatory role in maintaining body fluid homeostasis [17] [18] [19] . Our results showed that LS and its four fractions affect the urinary electrolytes and the acid-base alterations compared with the control group within 24 h in normal rats. A great variation in electrolyte excretion (Na + and K + ) between promoting diuretic effects and inhibiting diuretic effects of LS and its four fractions as well as furosemide were observed. When promoting the urine output, LS, LSA, LSB, LSC, LSD, and furosemide produced similar increases in urine Na + excretion but had slight effects on K + excretion. is increased Na + loss, which is due to the increase in the distal tubular K + concentration, and stimulated the ALD-sensitive potassium pump to increase the K + reabsorption in exchange for Na + and H + , which were excreted into the urine [15, 20] . Although the LS and its four fractions affected the Na + and K + concentrations in urine, all drug groups cannot affect urine or serum Na + -K + -ATPase levels and urine pH values compared with the control group within 24 h. e RAAS is very important for body fluid regulation and plays a prominent role in controlling fluid homeostasis and maintaining electrolyte balance [18, 21, 22] . Moreover, the main three hormones in the RAAS including Ang II, ADH, and ALD have been reported to decrease the glomerular filtration rate and increase tubular reabsorption of sodium ions [16] [17] [18] . ANP not only increases diuresis and Na + electrolyte excretion but also inhibits the activation of RAAS and blocks the release and/or actions of ADH and ALD [23] [24] [25] [26] [27] . On the contrary, ALD promotes urine Na + and H 2 O reabsorption and regulates Ang II and ALD levels [18] . In addition, Ang II could also augment Na + Table 7 : Effects of LS, LSA, LSB, LSC, and LSD on the levels of Ang II, ANP, ADH, and ALD (pg/mL) in rat serum within 24 h after oral administration.
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